TITLE OF THE INVENTION 

PIEZOELECTRIC GENERATOR AND MOUNTING STRUCTURE 
THEREFOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a piezoelectric 
generator mounted with a crystal oscillator for 
obtaining reference signals for the control of radio 
communication apparatuses, portable telephones, pagers, 
cordless telephones, audiovisual apparatuses, etc. 
Description of the Prior Art 

In piezoelectric generators that are used in the 
field of mobile radio communication such as radio 
communication apparatuses, portable telephones, etc., a 
crystal oscillator and an electronic component (active 
element) for its oscillation are stored in a container, 
in general. 

With the oscillation element and the electronic 
component thus stored in one container, an organic 
substance from a resin-based adhesive that is used to 
fix the electronic component may adhere to the 
oscillation element, thereby lowering its oscillation 
properties . 

An example of prior art which solves this problem 
is explained below with reference to FIGS. lA and IB. 

An oscillator sealing chamber 6a is provided on 
one side of a multi-layer ceramic substrate 3a, and a 
crystal oscillator plate 4a is placed in the sealing 
chamber 6a and hermetically sealed by means of a lid 5a 
Printed patterns and circuit elements 2a that form a 



generator circuit are arranged on the other side of th. 
multi-layer ceramic substrate 3a or on the side 
opposite to the oscillator chamber 6a, and are covered 
by means of a casing la that has an adjusting hole 8a 
Thereupon, a generator is formed. This generator is 
mounted on a motherboard by means of reflow electrodes 
7a that are provided on a side face of the ceramic 
substrate 3a. 

In the generator described above, the oscillation 
element is first mounted in the chamber on the one side 
and subjected to frequency regulation, and its opening 
is then sealed. Then, an electronic component is 
mounted on the other side and loaded with temperature 
compensation data. However, a mounting surface that 
carries the electronic component thereon is exposed in 
the upper surface. In case where the mounted electronic 
component is damaged, therefore, the previously mounted 
oscillation element, as well as the electronic 
component, have to be scrapped together with the 
container, so that the cost increases. Thus, in order 
to make the electronic component inaccessible, it has 
to be concealed with a casing. 

To deal with the problem, proposed is a generator 
that is designed so that no organic substance from the ■ 
resin-based adhesive for the electronic component 
fixation can adhere to the oscillation element and that 
the electronic component or oscillation element can be 
reused as a non-defective if it is damaged. An outline 
of this generator will now be described with reference 
to FIGS. 2A and 2B. 



A first container lb, which is formed of a 
laminate of ceramic sheets, is molded in the shape of 
an open-topped box. An active element 2b, an elect roni 
component formed of a bare chip, is fixed in the 
container lb with an adhesive. 

An oscillation unit 3b is attached to the upper 
surface of an outer peripheral wall 4b of the first 
container lb so as to cover an opening of the container 
lb. The oscillation unit 3b, which is formed of a 
laminate of ceramic sheets, includes an open-topped 
second container 5b, an oscillation element 6b formed 
of a crystal oscillator mounted in the second container 
5b, and a metallic shielding plate 7b that covers an 
opening of the second container 5b. By welding the 
shielding plate 7b to the second container 5b, the 
oscillator element 6b is hermetically sealed in the 
second container 5b. 

Two semicylindrical notches 10b are formed on 
each of two opposite sides of an outer peripheral wall 
8b of the second container 5b. Second connecting 
electrodes llbl to llb4 are formed on the respective 
inner surfaces of the notches 10b and the bottom face 
continuous therewith (connecting electrodes llb2 and 
llb3, which are located on the back side in FIG. 2A, 
are not shown) . The electrodes llbl and llb3, among the 
four second connecting electrodes llbl to llb4, are 
connected electrically to the oscillator element 6b, 
while the electrodes llb2 and llb4 are connected 
electrically to a seam ring 9b and grounded. 

On the other hand, the active element 2b that is 



mounted on the first contajn*=r- ik a 

container lb is connected 

electrically to electrodes 13b by .eans of wires 12b 
Fxrst connecting electrodes 14bl to 14b4, which are 

connected to any of the electrodes 1 ^b 

13b, are provided 

3 individually in four- r^^o■!■^-■ 

ly in four positions on the outer peripheral 

wall Of the first container lb. The first oonneotin, 
Electrodes 14bl, I4b2, 14b3 and 14b4 are connected 
electrically to the second connecting electrodes llbl 
llb2, llb3 and llb4, respectively, by .neans of a 
conductive adhesive material such as solder. Thus, the 

oscillation 6b and the ^r-t--iT,<=> i 

ana the active element 2b are connected 

electrically to each other. 

After the electrical connection between the first 
and second electrodes 14bl to 14b4 and llbl to llb4 is 
completed, a bond sealing resin 15b is applied to the 
outer peripheral portion of the bottom face of the 
second container 5b, whereupon the second container 5b 
IS fixedly bonded to the upper surface of the outer 
peripheral wall 4b of the first container lb. Thus, the 
top opening of the first container lb is sealed with 

the second container 5b to protect the active element 
2b. 

Semicylindrical notches are formed in the outer 
peripheral surface of the outer peripheral wall 4b of ■ 
the first container lb, and electrodes 16b01 to 16bl4 
are provided in the notches, individually. Among these 
electrodes, the electrodes 16b02, 16b06, I6b09 and 
16bl3 are also formed in the bottom face of the first 
container lb that are continuous with the notches. The 
electrodes 16b02, 16b06, 16b09 and 16bl3 are an AFC 



terminal, grounding terminal, oscillation output 
terminal, and power terminal, respectively. The other 
electrodes are inspection electrodes, which are 
situated at a given upward distance from the bottom 
face of the first container lb. These electrodes are 
used for data loading in a memory in the active element 
2b and various inspections. 

According to the prior art described above, 
however, the active element and the oscillation element 
are mounted in the first and second containers, 
respectively, which are stacked in layers to form a 
double-deck package, so that the overall thickness of 
the generator is inevitably great. 

Although the electrodes for external connection 
that are formed in the notches of the outer peripheral 
wall of the first container and the bottom face thereof 
are situated at the given upward distance from the 
bottom face, the distance is very short, and the 
inspection electrodes are located directly adjacent to 
them. If the electrodes for external connect are 
soldered to patterns of the motherboard or the like, 
solder may flow and cause a short circuit. 

SXJMMARY OP THE INVENTION 

A piezoelectric generator in an aspect of the 
present invention comprises an oscillator package, 
including a piezoelectric oscillator sealed in a 
container and electrodes for external connection formed 
on the surface of the container, and an electronic 
component mounted integrally on the oscillator package. 



The electronic component is mounted on the same surfa 
of the container that carries the electrodes for 
external connection thereon. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features of the invention 
will be more apparent from the ensuing detailed 
description with reference to the accompanying drawings 
in which: 

FIG. lA is an exploded perspective view of a 
prior art piezoelectric generator; 

FIG. IB is a sectional view of the piezoelectric 
generator of FIG. lA; 

FIG. 2A is an exploded perspective view of 
another prior art piezoelectric generator; 

FIG. 2B is a sectional view of the piezoelectric 
generator of FIG. 2A; 

FIG. 3 is a sectional view of a piezoelectric 
generator according to a first embodiment of the 
present invention; 

FIG. 4 is a bottom view of the piezoelectric 
generator (mounted with no electronic component) of FIG. 
3; 

FIG. 5 is a bottom view of the piezoelectric 
generator (mounted with electronic components) of FIG. 
3; 

FIG. 6 is a plan view for illustrating the way a 
seam ring is welded to the upper surface of a first 
ceramic sheet that constitutes the piezoelectric 
generator of FIG. 3; 



FIG. 7 is a plan view for illnc;i- r^i- h r.^. 

^ ^^d. xj. j.usT:rating the way a 

crystal oscillator is xnounted on the upper surface of a 
second ceramic sheet that constitutes the piezoelectric 
generator of FIG. 3; 

FIG. 8 is a plan view showing electrode patterns 
formed on the upper surface side of a third ceramic 

sheet that constitutes the piezoelectric generator of 
FIG. 3; 
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FIG. 9 is a plan view showing electrode patte 
formed on the lower surface side of- the third cerami 

sheet that constitutes the piezoelectric generator of 
FIG. 3; 

FIG. 10 is a plan view showing openings for the 
exposure of connecting terminals in a fourth ceramic 

sheet that constitutes the piezoelectric generator of 
FIG. 3; 

FIG. 11 is a view for illustrating the positional 
relationships between connecting terminals of an IC 
chip shown in FIG. 5 and various function terminals; 

FIG. 12 is a sectional view of a piezoelectric 
generator according to a second embodiment of the 
invention; 

FIG. 13 is a view for illustrating a structure 
for mounting a piezoelectric generator according to a ' 
third embodiment of the invention on a mountable 
substrate; 



FIG. 14 is a sectional view of a piezoelectri 
generator according to a fourth embodiment of the 
invention; 

FIG. 15 is a top view of a substrate that 
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constitutes the piezoelectric generator of FIG. 14; 

FIG. 16 is a view showing electrode patterns 
formed on the lower surface of the substrate of FIG. 
15; and 

FIG. 17 is a view showing a state in which an IC 
chip for use as an electronic component is mounted on 
the lower surface of the substrate of FIG. 15 
(connecting terminal patterns are indicated by dotted 
lines for simplicity of illustration) . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the present invention will 
now be described with reference to FIGS. 3 to 11. 

As shown in FIG. 3, a multi-layer substrate 1 
that constitutes a container is formed of a laminated 
product of first, second, third, and fourth ceramic 
sheets 2, 3, 4 and 5 of the same size that have their 
respective rectangular surfaces. Thus, the multi-layer 
substrate 1 is a structure of a given thickness that 
has rectangular surfaces. 

As shown in FIG. 6, the first ceramic sheet 2 has 
a substantially quadrangular opening 23 that is used to 
store a crystal oscillator 8 (mentioned later) . An Au- 
plated region is formed on the upper surface of the 
first ceramic sheet 2, and a seam ring 6 is welded to 
the Au plating region. The seam ring 6 has an opening 
63 that shares the shape with the opening 23 of the 
first ceramic sheet 2. 

As shown in FIG. 3, the opening 23 of the first 
ceramic sheet 2 and the opening 63 of the seam ring 6 



form a storage recess 8A of the crystal oscillator 8 
lid 7 .s seamlessly welded to the upper surface of the 
seam ring 6, whereby the crystal oscillator 8 is 
hermetically sealed in the storage recess 8S. Further 
hermetic sealing that joins using a glass having a lo^ 
fusrng point may be employed in place of such seamless 



welding. 
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in FIG. 3, numerals 7A and 9 denote, respectively 

a seamless welded surface and a welded joint that is ^ 

welded to the first ceramic sheet 2 of i-h. . 

^ or the seam ring 6 

As shown in FIG. 7, electrodes 101 and 102 for 
carrying the crystal oscillator 8 thereon are formed on 
one end portion of the upper surface of the second 
ceramic sheet 3. The electrodes 101 and 102 are formed 
by printing two layers of tungsten electrode film, and 
their respective upper surfaces are plated with Au. The 

crystal oscillator 8 is fixed 1-0 = 

rixed to the respective upper 

surfaces of the r«=<?nn--! 7\ 

^ne resulting Au deposits with a silicone- 

based conductive adhesive. Further a r-^.. • ■ 

rurcner, a receiving portion 

103 for the crystal oscillator 8 is formed on the other 
end portion of the upper surface of the second ceramic 
Sheet 3. Thus, the crystal oscillator 8 is located in 
the position indicated by two-dot chain line in FIG 7 
overlying the second ceramic Sheet 3. inFIG 7 
numerals 111 and 112 denote through holes (electrodes) 

which will be mentioned later th^ t ^ 

uiiea later. The electrodes 101, 102 

and the receiving portion 103 maintains a predetermined 
height, as two layer of tungsten electrode film are 
Prrnted, so that the crystal oscillator 8 mounted on 
the upper surface of the electrodes 101, 102 and 
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receiving portion 103 can not co.a into contact with 
the second ceramic sheet 3. 

As Shown in FIG. 9, four terminals 131 that 

constitute external connecting electrode. . 
c . ^. . , ^ exectrodes are provided 

o individually at thp f^our- 

■^jf at. L-iie rour corner^? o-f -t-i-.,^ i 

iners ot the lower surface 

Of the third ceramic sheet 4. 

A Plurality of semicylindrical notches are formed 
in the outer peripheral wall of the multi-layer 
substrate 1 (laminated product of the first to fourth 
' ceramic sheets 2 to 51 17=,* _ 

^iectrocle terminals for 
adjustment are arranged in the notches, individually 

The respective functions of the individual terminals' 

now be described with reference to FIGS. 8 and 9 

An electrode terminal VDD is a positive power 

terminal, vss is a negative power terminal, CSOUT is an 

oscrllation waveform output terminal, and Arc is an AFC 

control voltage connecting terminal for externally 

applying voltage signals for frequency regulation 

These four electrode terminals are terminal. = 

aj-c: i-erminais a user or 

purchaser of the f7Pnor-=+-^^ 

me generator uses. Threp^ t- o r-m -i i 
^.u ^ j-iiree terminals, among 

these four terminals, excludinrr r^nnrp 

, excluding CSOUT, are connected to 

an electrode pattern (FIG fti r^r. ^-k 

UJ.G. 8) on the upper surface of 

the third ceramic sheet 4 by means of through holes 

On the other hand, electrode terminals AA, bb cc " 
and DD are adjusting terminals for temperature 
compensation data the manufacture of the generator uses. 
The terminal AA is a clock input terminal, BB is a data 
output terminal, CC is an output terminal for various 

analog signals, and DD is a chin • 

. ^ *=^^P select input terminal. 

XTAL-A (mentioned later) are crystal oscillator 



connecting terminals (input side) . Also, XTAL2 is a 
crystal oscillator connecting terminal (output side) . 
Although three terminals, among the four terminals (VDD, 
VSS, CSOUT, AFC) that are used by the user, excluding 
CSOUT, are also led out on the side faces of the multi- 
layer substrate 1, they are not used for external 
connection, and are used for adjustment only. 

In FIGS. 4, 9 and 11, symbols A2 to A12 
individually designate connecting terminals of an IC 
chip 14 (FIG. 3) . Wiring electrodes are arranged so 
that the terminal A2, among these connecting terminals, 
is connected to AFC, A3 to XTAL2, A4 to BB, A5 to VSS, 
and A6 to EE (reference voltage output PAD) . Further, 
the terminal A7 is connected to XTAL-A, A8 to VDD, A9 
to AA, AlO to CC, All to DD, and A12 to CSOUT. 

As shown in FIG. 4, the terminals 131 for 
connecting projecting electrodes 13, electrodes for 
external connection, are exposed near the four corners 
of the lower surface of the fourth ceramic sheet 5, 

individually . 

A through hole 111 (FIG. 7) that is formed in the 
second ceramic sheet 3 is connected electrically to a 
crystal oscillator connecting terminal (input-side) 
pattern (XTAL-A pattern) A7 (FIG. 9) through a through- 
hole 121 (FIG. 9) in the third ceramic sheet 4. Further, 
a through hole 112 that is formed in the second ceramic 
sheet 3 is connected electrically to a crystal 
oscillator connecting terminal (output-side) pattern 
(XTAL2 pattern) A3 (FIG. 9) through a through hole 122 
in the third ceramic sheet 4. Furthermore, a through 
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hole 113 (FIG. 7) that is formed in the second • 

second ceramic 

sneet j is connected electr-ioaii,, 4- 

electrically to the terminal VSS 

vxa the seam ring 6 and a through hole 123 (pig. 8) in 
the third ceramic sheet 4 shown in FIG. 9. The EE 

5 electrode is electri i .r ^ 

"^^"^ connected the VSS terminal 
through the through hole 124. 

AS Shown in FIG. 10, the fourth oera.lc sheet 5 
IS formed having openings 51, through which the 
terminals of the projecting electrodes 13 ,riG. 3, are 

exposed near its four corners ^r,H 

^. ^ corners, and openings 52, through 

which the nrvQt- = n 

he crystal oscillator connecting terminal 

<.nput- and output-side, patterns A7 and for use as 

electrodes for input and output inspection for the 

crystal oscillator 8 as a simple, are partially exposed 

substantially on the center line of the mounting area 

Of the crystal oscillator 8. The fourth ■ 

-^"^ rourth ceramic sheet 5 
rurther has two openinas iTrm as 

^ ^) through which the 

terminal group includina the rr ..k.- 

cne ic chip connecting 

terminals A2 to Afi ar.^^ 

-co A6 and the group including the 

connecting terminals A7 to A17, which are situated 

around the opposite end portions of the mounting area 

Of the crystal oscillator with the openings 52 between 

them, are exposed, and two openings 54 through which 

connecting terminals of a capacitor 17 (FIG. 3) are " 

exposed near one end portion of the mounting area of 

the crystal oscillator, other wiring patterns are 

covered with the fourth ceramic sheet 4 to . 

^iieet q to be protected, 

As shown in Fir; 4.u^ 

m FIG. 5, the projecting electrodes 13 

are provided individually near th^ 

ctixy near the four corners of the 

lower surface of the mnn--i i ^, 

cne multi-layer substrate 1. The 
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electrodes 13 are electrodes for external 

'-^^ external connection, 

whxch serve to connect the substrate 1 to a n,o^h k 

. , -LaL-t; -L ro a motherboard 

or the like. Each projecting electrode 13 is ball 
shaped electrode formed of a solder ball. These 
5 projecting electrodes 13 are forced li.e respectively 

independent legs. 

A small copper ball may be embedded in solder to 
form a ball-shaped electrode. 

AS Shown in FIC. 3, the height of the projecting 
electrodes 13 is greater than that of the electronic 
components ,lc chip l, and capacitor 17, mounted on the 
fourth ceramic sheet 5. Even if the solder flows when 
mounting the projecting electrodes 13 on the 
motherboard by soldering, therefore, a short circuit 
can be prevented from occurring between the electrode 
terminals for adjustment formed on the outer peripheral 
wall surface of the multi-layer substrate 1. if a 
copper ball is embedded in solder, the copper ball 
serves as a spacer, thus completely preventing the Ic 

chip 14 and the caDacTi-nr- ^n -f 

capacitor 17 from contacting with the 

motherboard, 

AS shown in fig. 3, moreover, the IC chip 14 is 
set substantially on the central portion of the lower 
surface of the multi-layer substrate 1 by flip-chip 
mounting using solder bumps 15, and is sealed with a 
sealing resin 16. Further, the capacitor 17 is mounted 
adjacent to one side of the IC chip u. The area on the 

other side of the IC chip 14 is left as a ,r,=o 

a space area 

that is mounted with nr> 

with no electronic component. The space 
area on the side of ic chin 14 r.r.^ 

Chip 14 opposite the capacitor 



IV xs ut.lx.ed as a resin injection area 18 
Which the sealing resin 1, ■ 

14 H injected to the ic chin 

14 by means of a dispenser. ^ 

In the piezoelectric oener;,t-^v- 

mMi+-- T t't^^J^ surface side of thp 

multi-layer substrate 1 

^^T^e 1, and the ic chip 14 and i-h^ 

capacitor 17, electron,- ^ 

'/ electronic components' av-^ 
1^ Jr^^'^ents, are mounted on i-k^ 

lower surface side of the substrate 1 Thl . 
10 produces an affect such tK . structure 

the resin-based adj " "'^''"'^ 

fixation 1 " Electronic component 

rixation adheres to the crvs+-=>i 

. crystal oscillator 8, so thai- 

the oscillation properties of 

v^fciuies of the osci 1 l a■t-r^^ o 
lower. oscillator 8 never 

1 C 

Further ^c- -hk^ 

ner, as the piezoelectric generator can 
mounted qnar-^.^^ -^ai-or can be 

spaced from the motherboard, the proiectina 
electrodes 3^ = ^ P^o:)ecting 

13 that are arranged individually near th. 
four corners of the mnl^-i i ^ 

tne multi-layer substrate 1 o^n ^ 

the occurrence of a shor^ ■ ■ Prevent 

^ '-'-L ci snort cirmi+- k^^- 

0 terminals for adjustment on tj ut r TeTi^ t"-^"^^ 
surface o-f i-k . Peripheral wall 

uxiace of the substrate ] t-h = +- • 
solder flo. attributable to a 

solder flow caused when the piezoelectric generator i 
-anted on the motherboard or the like. 

The capacitor 17 is mounted on the low 
of the mnn-,- 1 surface 
^he multi-layer substrate 1 so ^ 

one side of the ic oh,- . ^ 

substantia i Jn L pIT ^ 

tbe substrate i. s 1; ^ 

- .ormed on t.e o:He f \:r" "^-"^ " 

oxue or the chip 14 tk,,,^ ^.^ 
resin can be ea=5-ii„ - • ^' 

^ easily injected into the acti.,« 

active area of 



the ic chip 14. 



If the IC Chip 14 is so small that a 
area is formed around it or a 

' °^ a capacitor is 
incorporated into the ic chip 14 th 

5 be injected by utili.ina " ""^^'^ 

Of the xc Chip ' ^'^ ^^^^ '"^^ two Sides 

Since the crystal oscili^^ 
component, (xc cMp ZT ' ""^ 

^ii-diner, moreover, th^ i 
10 piezoelectr-io thickness of the 

generator can be reduced. 
Although the el (=0+- v-^v, • 

components of the 

piezoelectric generat-or- 

yenerator accordina to i-v,^ 

embodiment ar-« Present 
aiment are composed of the one rr • 

capacitor, they need not a. 

5 elements. Por exam 1 °^ ^^^^ 

tor example, the elect ronir> ^ 

forced Of two IC chips for „. =-P-snts „ay be 

circ,,,,- . . generator and memory 

circuits without usino , . 

using a capacitor. The Tr „>, • , 
memory circuit u the 

y circuit may be replaced with an Ic chir, f 

frequency divider circuit or PLL ■ ■ ' 
Circuit can be stored with t 

for the crvst , compensation 
crystal oscillator 8 and the like 

Depending on the desired function 
electronic component mav b. moreover, the 

^„ ■ , ^ composed of a resistor 

coil, variable capacitor rti h "sistor, 

Pacitor, diode, or Ic chip only. 

A second embodiment of the present • 
now be described with refer "vention win 

"itn reference-to FIG. 12. 

In this embodiment, electron,- 
formed of a pluralitv components are 

—catio: of":r:h:s";;rr r = °^ = 

— ~ts are formed ^f rovers TL 



two capacitors 17. An electronic-component-free area 
provided on one side of the IC chips 14, and is 
utilized as a resin Injection area through which a 
sealing resin is injected to the IC chips 14 by means 
of a dispenser. 

It is only necessary to first set electronic 
components meeting desired functions, the shape and 
size of those electronic components, and the size of £ 
multi-layer substrate adapted to the number of 
components and then determine the respective mounting 
positions of the electronic components and the resin 
injection region. In the case where only one IC chip 
mounted, the resin injection area may be secured in a 
manner such that the IC chip is located eccentrically 
to the multi-layer substrate. 

In the foregoing embodiment, moreover, the 
projecting electrodes are formed as the electrodes for 
external connection of the piezoelectric generator. 
However, the present invention is not limited to this 
embodiment, and projecting electrodes may be formed in 
advance on the motherboard on which the piezoelectric 
generator is mounted. Further, the projecting 
electrodes are not limited in number, and electronic 
components may share the projecting electrodes. 

A third embodiment of the present invention will 
now be described with reference to FIG. 13. The same 
reference numerals are used for component parts 
identical with those in the foregoing embodiments, and 
a repeated description of those elements is omitted. 

As shown in FIG. 13, electrodes 19 for external 
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connection of a piezoelectric generator are connected 
xndividually to electrodes (not shown) of a mountable 
substrate 20 for use as a motherboard, m this state 
the length of downward projection of the electrodes 19 
from a multi-layer substrate 1 is shorter than the 
length of downward projection (mounting height) of 
electronic components (ic chip 14 and capacitor 17). 
However, the mountable substrate 20 is provided with a 
recess 21 as a storage portion for partially storing 
the IC chip 14 and the capacitor 17, so that the IC 
Chip 14 and the capacitor 17 never come into contact 
with the substrate 20. Thus, the piezoelectric 
generator can be thinned. The recess 21 of the 
mountable substrate 20, which serves as the electronic 
component storage portion, may be replaced with a 
through hole. 

A fourth embodiment of the present invention will 
now be described with reference to FIGS. 14 to 17. 

In the piezoelectric generator of the first 
embodiment described with reference to FIG. 3, the 
substrate that constitutes the container in which the 
crystal oscillator 8 is enclosed is formed of the 
ceramic sheets that are joined in layers. According to 
the present embodiment, on the other hand, the 
substrate is formed of a simple ceramic plate. The 
following is a description of the construction of a 
piezoelectric generator according to this embodiment. 

As shown in the plan view of FIG. 15, a simple 
ceramic substrate 41 is a substantially rectangular 
flat plate. A pair of electrodes 101 and 102 for 



carrying a crystal oscillator 8 thereon are formed on 
one end portion of the upper surface of the substrate 
41, and a receiving portion 103 for the crystal 
oscillator 8 is formed on the other end portion, m FIG 
5 15, numerals 111 and 112 denote through holes 

(electrodes), individually. The electrodes 101 and 102 
are formed by printing two layers of tungsten, as the 
same way in the forgoing embodiments. As the printing 
area in the upper layer is smaller than that in the 
0 lower layer, the printing in the upper layer gets 

necessarily on the printing in the lower layer, even 
though the printing position in the upper layer has got 
out of position slightly. 

After the crystal oscillator 8 is fixed on the 
> electrodes 101 and 102 and the electrode receiving 
portion 103, a metallic cap 42 is put on the upper 
surface of the substrate 41, and its skirt portion 421 

is seamlessly welded tr^ -h^^ ^^^^^^ ^ 

j-y wfcjxaea ro tne upper surface of the 

substrate 41, as shown in FIG. 14. Thereupon, a space 

in Which the crystal oscillator 8 is to be hermetically 

sealed is defined between the cap 42 and the substrate 



41. 



As shown in FIG. 16, electrode patterns for 
various electrode terminals are formed on the lower 
surface of the substrate 41. Among these electrode 
terminals, VDD (positive power terminal), VSS (negative 
power terminal), CSOUT (oscillation waveform output 
terminal), and AFC (AFC control voltage connecting 
terminal for externally applying voltage signals for 
frequency regulation) are terminals a user or purchaser 



of the piezoelectric generator uses. Further, AA (clock 
input terminal), BB (data output terminal), CC (output 
terminal for various analog signals) , and DD (chip 
select input terminal) are adjusting terminals for 
temperature compensation data the manufacturer of the 
generator uses. Furthermore, XTAL-A is a crystal 
oscillator connecting terminals (input side) , while 
XTAL2 is a crystal oscillator connecting terminal 
(output side) . 

As shown in FIG. 17, an IC chip 44 is mounted 
substantially in the central portion of the lower 
surface of the substrate 41, and is sealed with a 
sealing resin 16 (FIG. 14) . In this embodiment, an 
electronic component is formed of the IC chip only and 
includes no capacitor (capacitor is incorporated in the 
IC chip 44). Various terminals, except for connecting 
terminals of the IC chip 44, are protected with alumina 
coating (not shown) . 

Terminals 45 and 46 (FIG. 17) for inspecting the 
crystal oscillator 8 are connected to the oscillator 8 
through the through holes 111 and 112 (FIG. 15) in the 
substrate 41 and the electrode patterns of XTAL-A and 
XTAL2. If the through holes 111 and 112 in the 
substrate 41 are situated in the position where the 
substrate 41 and the skirt portion 421 of the cap 42 
are joined overlapping each other, passage of air from 
or to a crystal oscillator storage space through the 
holes 111 and 112 is prevented, so that the space can 
be easily kept airtight. This cannot be achieved if the 
through holes are situated in any region where the 



substrate 41 and the skirt portion of the cap 42 do not 
overlap each other. 

The piezoelectric generator according to this 
embodiment differs from the piezoelectric generator 
according to the first embodiment shown in FIG. 3 only 
in that its substrate that constitutes the container 
has a simple structure, not laminate, so that it can 
produce substantially the same effects with the 
piezoelectric generator of FIG. 3. 

Thus, the present embodiment is also designed so 
that the crystal oscillator 8 is hermetically sealed on 
the upper surface side of the substrate 41 and that the 
IC chip 4 4 as an electronic component is mounted on the 
lower surface side of the substrate 41. This structure 
produces an effect such that no organic substance from 
the resin-based adhesive for electronic component 
fixation adheres to the crystal oscillator 8, so that 
the oscillation properties of the oscillator 8 never 
lower . 

Further, projecting electrodes 13 that are 
arranged individually near the four corners of the 
substrate 41 can prevent the occurrence of a short 
circuit between electrode terminals for adjustment on 
the outer peripheral wall surface of the substrate 41 ' 
that is attributable to a solder flow caused when the 
piezoelectric generator is mounted on the motherboard 
or the like, as the piezoelectric generator can be 
mounted spaced from the motherboard 

On the lower surface of the substrate 41, 
furthermore, an area wide enough for the injection of 



the resin 16 can be secured around the IC chip 44, so 
that the sealing resin 16 can be easily injected into 
the active area of the chip 44. 

The piezoelectric generator according to the 
present invention may be designed as follows. 

The container is composed of a multi-layer 
substrate having a recess for the storage of the 
piezoelectric oscillator and a lid member fixed to the 
multi-layer substrate so as to cover the recess, and 
the electronic component and the electrodes for 
external connection are provided on the surface of the 
multi-layer substrate on the side opposite the lid 
member . 

The multi-layer substrate has a substantially 
quadrangular shape, and the electrodes for external 
connection are arranged near the four corners of the 
multi-layer substrate, individually. 

The electrodes for external connection are 
projecting electrodes having a height greater than the 
mounting height of the electronic component. The 
electronic component is composed of an IC chip and a 
capacitor. 

The IC chip is mounted substantially on the 
central portion the multi-layer substrate. The 
capacitor is mounted adjacent to one side of the IC 
chip, and an injection area for a sealing resin is 
provided on the other side of the IC chip. 

The sealing resin for the IC chip is injected 
from the side of an area on which the capacitor is not 
mounted. 



on 



The multi-layer substrate has an inspect! 
terminal for the piezoelectric oscillator in a position 
within the IC chip mounting area and off connecting 
terminals of the IC chip. 

The piezoelectric oscillator is a crystal 
oscillator . 

The outer peripheral sidewall surface of the 
multi-layer substrate is provided with terminals for 
adjustment . 

The electrodes for external connection of the 
piezoelectric generator are connected to a mountable 
substrate, which is provided with a storage portion for 
storing at least a part of the electronic component, 

A piezoelectric generator in another aspect of 
the present invention comprises a container including a 
metallic cap put on the upper surface of a substrate in 
the form of a flat plate, the cap having a skirt 
portion bonded to the substrate so as to define a space 
in which a crystal oscillator is to be sealed between 
the substrate and the cap, the crystal oscillator 
placed on the upper surface of the substrate in the 
container, electrodes for external connection arranged 
on the peripheral portion of the lower surface of the 
substrate, and an electronic component mounted on the - 
lower surface of the substrate. 

Further, this piezoelectric generator may be 
designed as follows. 

The electrodes for external connection are 
arranged so as to project downward from the lower 
surface of the substrate. 



The electrodes for external connection project 
from the quadrangular substrate so as to be located 
below the electronic component mounted on the substrate. 

Each of the electrodes for external connection is 
a ball-shaped electrode formed of a solder ball. 

The electronic component is composed of an IC 
chip only. 

The surface of the container is provided with 
crystal oscillator connecting terminals, and through 
holes formed in the substrate to connect the crystal 
oscillator connecting terminals and the crystal 
oscillator are situated in a region where the cap is 
superposed on and bonded to the substrate. 

According to the piezoelectric generator of the 
present invention, as described above, there is no 
possibility of any organic substance from the resin- 
based adhesive for electronic component fixation 
adhering to the crystal oscillator. Moreover, the resin 
can be easily injected when mounting the IC chip. 
Further, a short circuit across the electrodes that is 
attributable to a solder flow can be avoided when the 
piezoelectric generator is soldered to the motherboard 
or the like. Thus, there may be provided a thinned 
high-reliability piezoelectric generator with 
satisfactory oscillation properties. 



